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GENERAL INFORMATION 

PURPOSE 

7090 FORTRAN program calculates  the Bremsstrahlung 1 

se received. through severat slabs of shield material. Bremsstrahlung 

radiation is a form of  X-MY created when high energy charged particles a re  

slowed down by a material. This program considers only electron-produced 

Bremsstrahlung. 

Required inputs t o  this program are: 

The incident electron spectrz_rm 

Photon attenuation coefficients 

Bu ild-up coefficients 

- Shield materials and thicknesses, and  solid angles 

FIux t o  dose conversion factors 

- The calculated dose is cal led the electron Bremsstrahlung radiation dose 

and  is computed in equation (2). 

The program may also be used to  estirnate'the Bremsstrahlung radiation 

dose.received by men or  equipment inside a vehicle situated in a region of elec- 

tron radiation. To perform these calculations, the program requires a resolution 

1. The electromagnetic radiation emitted by electrons when they p a s s  
through matter. The continuous spectrum of X-rays from a n  X-ray tube  is that  
of Bremsstrahlung (from the German bremse=brake, strahlung=radiation; namely 

the radiation given off a s  an  electron is slowed or  braked in traversing matter). 
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2 
of all material in the vehicle into a n  equivalent polyhedral shell. 

of a sheli is described by the solid angle  it subtends from the do e receiver 

point and the materials a n  

considering human tissue as part of the shielding, doses may be calculated a t  

Each side - 
f i u t h o  ti’.. 

eir thicknesses of that  side (see Figure 1). By 

. . points inside the human body. If the vehicle configuration is not complex (can 

be assuved to be of uniform thickness over large regions}, the resolution into 

a polyhedron is obviated. This will  be discussed further in the section on Input 

Preparation and Output Description. 

- .  

The method of solution used in the progrum depends on several assumptions. 

. The Bremsstrahlung radiation is assumed to be generated on the  surface of the 

outermost shield layer and  no electrons penetrate this surface. 

justified by the fact  that the Bremsstrahlung is m u c h  more penetrating than incident 

This assumption is 

electrons. Actually, Bremsstrahlung originates a t  any  depth of the material but 

with expoaentially reduced intensify as depth increases. 

Bremsstrahlung is treated a s  a parallel beam source of infinite a rea  with 

To account  for the additional dose from scattered semi-infinite slab shielding. 

radiation, empirical buildup factors were used. Angular distribution of the source 

. is  accomplished with a weighting factor. For successive shielding layers, the 

dose buildup was assumed t o  be multiplicative. In the calculations of doses 

2. A figure or solid formed by four more plane surfaces. 
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inside a vehicle, i he  same assumptions apply t o  each side of the approximatiqg 

polyhedron mentioned previously. The photon energy spectrum i s  assumed to 

be independent of the outer shield layer composition. 

I . .  _ .  
_ .  . .  - . .  I _  . 

. .. 
.~ . .  . .  . .  .. . . . . . ~ .  I .  

. .  I .  

The incident electron spectrum must be analyt ical ly  defined a s  a 

function of electron energy. Only twelve or  less shield materials may be 

considered a t  one time. Attenuation coefficients and  coefficients determining 

the dose buildup factors a s  a function of photon 3 energy and  shield material 

a r e  tabulated inputs with a t  most 100 energy points allowed. 

factors a re  tabulated inputs with the energy points being the same a s  for the 

above coefficients. A polyhedron of no more than 350 sides may b e  used to 

represent a vehicle. 

Dose conversion 

- 

RECOMMENDATIONS 

It is recommended that the program be modified to hancle. Bremsstrahlung 

photon production which varies w i t h  the shield material of each layer. Recently, 

by the use of another computer program, Bremsstrahlung production in multi- 

element slabs has Seen invesfigcted. These results indicated that shield material 

has a n  effect  on the Bremsstrahlung production when the slab is thinner than the 

range of, a n  electron. 

3. An indivisible quantity of electromagnetic energy. Sometimes 
ca l led  a fight quantum. 
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NOMENCLATURE 
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The theory for these calculations is reported in Ref. 1. 

This section is divided into two parts: the first part  is a discussion 

of the procedure for calculating t h e  Bremsstrahlung dose for semi-inlinite slab 

shielding; the secsnc! p i t  ireais the procedure ofperforming an ac tua l  vehicle  

shielding analysis. 

r 

Procedure for Calculating the Bremsstrahlung Dose-for Simi-infinite Slab Shielding 

Computation of the dose from secondary photons, produced by electron 

interactions with matter, can b e  described in the  following way. Electrons of  

a given energy produce Bremsstrahlung photons of various energies. On ly  a 

fraction of the  incident electron energy is converted to photon energy. Photons 

a r e  absorbed as they a r e  transmitted through layers of material. If the dose 

from photons of all energies arising from electrons is considered, o n e  may write: 
E 

D=' SJ y' T ( r ) K q  uN(E)w(E)F(E,,)dE dy 

Y 3 (1) 

YL 

where: D = photon dose received in a region 

. I  

- , .  . .  
. .  

. 1  . .  

. .. -. i . ". . . - .  . . .  
. .  

. .  

. . .I - . _  . / , ~ . .  *. 



TABLE 1. Nomenclature 

rCathema tical ' Program 
Symbol Symbol 

- - .  
' I  

" 

Z 

w 

F 

. i  

i 
D 

T 

K 

9 
f 

X 

P 

B 
b 

. EF 

ELSI 

z 

C O N G O  

12 

J .  

DOSV, 
TVDOSE 

SOURCE FACT 

PI SUM 

DOSCON 

SlNGL 
FUNCT 

J 

AU, AUNM 

B1, B3 
82, B4 

DOMEGA 

Explanation 

Electron energy in Mev (million 
- electron volts) 

Photon energy in Mev 

A function subroutine name, also 
the electron differential spectrum 
in electrons/Mev/cm 2 

Atomic number of shield material 

Fraction of electron energy which 
is cm*re:tec' io  photon energy, also 
name of a function subroutine 

Photon differential energy spectrum 
in Mev/Mev 

Shield sector index 

Shield layer index 

Photon dose 

Electron source, in electrons/cm 2 . 

Photon energy transmission 

Energy flux t o  dose conversion 
factor 

Arbitrary funct i0.1 
Arbitrari  frrnctioil 

Material thickness, in grn/cm 2 

Mass attenuation coefficient 

Coefficients in dose buildup fuctor 

Sol id angular i nc remen t /4T  
(weighting bctors)  . . .  



S totaf number of eleciiciiis passing into theoutermost layer per unit 
area of shield surface 

=: E = electron energy 

. -  

on differential - energy between E and E + E  divided by AE) . .  

. ,  

, _- 

W(E) = fraction of electron energy converted to photon energy 

F(y, E) = total energy of a!l photons having energy between y and y + n y  
. divided by ny, arising from electrons i of energy E 

T(y) = fraction of photon energy transmitted through the shield layers; 
c! filnction of photon energy (dependent on material thickness) 

K(y) = conversion from photon energy/unit a rea  to units of dose for 
photons of energy y 

E = upper l i m i t  on electron energy 

yt = lower limit on photon energy 

U 

= upper l i m i t  on photon energy 
yu 

For each shield layer configuration, the photon dose in a region behind 

the shielding is evaluated by the use of a special purpose integration subroutine 

DITTO (Ref. 2). 

as: 

In order to use subroutine DITTO, the dose formula  is rewritten 

E 

D = 5/ yug(y[/u f(x,y) d j  d y (2) 

YL Y 

where g(y) and  f(x) a r e  expressed in the program a s  function subprograms with 

both g(y) and  f(x, y) being continuous functions and  

10 

. .  -. - -  
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d y )  = T(y) K(y) 

f(xt y) = N(x) W(x> F(X, y) 

. in the c o m p t e r  program, the function g(y) is cal led SiNGL and the 
i- 

I -*i * - . -  . -  
function f(x,y) is cal FUNCT. . Versatility has been to the  program 

- by letting N(x) crnd W(x) be described by separate function subprograms ELSl 
. -  

and  CONGO, 

At this point, the  various terms in the formula will be  stated explicitly. 

I The dose D, electron energy E, and  photon energy y, conversion factor K, 
I 

and the i imits of integration are self-explanatory. Particular attention is 

given the transmission function T. 

Calculation of the fraction, T, of photon energy transmitted through a 

shield is performed by using a formula having two arguments, photon energy 
I 

and material thickness. Parameters involved also depend on material composition. 

1 where: T = energy transmission through a number of shield material layers (N ) 
4 x 

2 
X. = thickness of. material j, expressed in gm/cm 

J 
! 
I . .  

p. = mass attenuation coefficient,. for material j and a given photon 
J energy, expressed in cm*/gm 

b = buildup coefficients for material j and  a given photon energy 
2i 

Blj, bl i /  

X 
N 

= the  product of the enclosed expression for each layer i, where -. 
j = l  .. - . 

j=18 2, 3, ....8NX 

11 



Pui!dup coefficients and  mass attenuation coefficients make up tabulated 

arrays, their  elements depending on photon energy and  material composition. 
I 

hoton differential energy spectrum, according to Wyard (Ref. 3 ), 
_"  .. . . - 

position and  i s  expressed as: 

(4) 

where: F = total photon energy of all photons having energy between y and 
y + A y  divided by  Ay, arising from electrons of energy E. 

The constant 1.25 is a factor which normalizes the spectrum such that 

the integrated photon energy just equals the energy E of one electron. This 

function F is included in the subprogram FUNCT. 

The fraction of the  electron energy E, which is actual ly  converted to  

Bremsstrahlung photon energy, is: (Ref. 1) 

(5) ' O.OC0198Z (1.96 E +2) w =  
1 + 0.152 In (y)  

where: 2 = atomic number of the outermost shield layer (layer exposed to  the 
electrons) 

The function W is computed in subprogram CONGO. 

The electron differential  number spectrum N(E) is ' the number of electrons having 

energy between E and E+AE divided by  a€. This can also be s,tated by the 

re1 o t ion: 
1 

N(E)aE = tdtal number of electrons with energy between 
E and E +AE 

It i s  convenient t o  normalize such a spectrum to  one electron so that: 



1 
In the program, N is specified by the function subprogram ELSI. 

_ .  

4 
N = expression for electrons in the artif icial  bel t  for n = 1 

4 N =expression for electrons in the art if icial  be l t  for n = 2 
(different formula) 

N = expression for'electrons in Van Allen Belt for n = 3 natural 
bei i 

The factor S is used to scale the calculated dose from a normalized 

electron spectrum to the actual  dose. 

total external electron flux (expressed in electrons/cm /sec) a n d  the 

It is composed of two factors: the 

2 

fraction of the total flux which can en ter  the shielGing materials. Total 

electron flux may be a t i m e  integmted flux if the total dose is desired rather 

than dose rate. 

Procedure for Performing an  Actual Vehicle ShielLing Analysis 

Calculation of dose at points totally surroundec! by  shielding materials 

has been formulated as a simple extension to the. infinite plane slab calculatioiis. 

The portion of the program which performs such a n  analysis is entered optionally. 

This calculation is important in the estimation of Bremsstrahlung radiation doses 

4. This belt was caused by high a l t i tude  weapon tests, 

13 



received by men and equipment on board s,mce vehicles. 

scheme i s  to perform the dose calculations for a set of slab problems, then 

Simply stated, the 

compute a weighted sum of these doses, 
N 

' I  P =E ..Mi I 

. i=l 

Thus: 

d 

angle subtended by a particular region of the surrounding shielding as seen from 

the dose point. That the total dose at points completely surrounded by shield 

materials may be calculated in the. manner described has been shown in 

Ref. 4. Weighting factors used in a vehicle analysis are discussed further 

P 

under Input PreFGration. 

RESULTS 

To check the validity of this program, comparisons were made with 

data published by C. D. Zerby and H. S. Moran (Ref. 5). Although the 

cases run for comparison were not identical to conditions used by Zerby and 

Moran, disagreement was, as expected, relatively small. Their data was 

where D = dose received at  a prescribed point inside the shield configuration 
V 

D. = dose for the infinite slab shielding case number i 
I 

ALL. = increment of solid angle far slab shieldiag case number i, 
divided by 4 ~ .  I 

This weighting factorn R i s  equivalent to the fraction of total solid 

tissue dose rate from Bremsstrahlung radiation with an idealized Apollo 

vehicle wall exposed to electrons in the artif icial radiation belt. 
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INPUT PREPARATION AND OUTPUT DESCRlr"Ti0N - 

' . INPUT DATA PREPARATION 

road categories 

- - . -  - 

their thicknesses observed through any sector of the vehicle. The results of 

this wi l l  be a set of weighting factors, shield layer. thicknesses, and shield 

layer 'materials. 

Secondly, the various parameters which specify the shielding pro- 

. perties of the materin!s Invslved, ihe units of dose, and electron energy 

spectrum of the environment must be specifiec'. 

constitutes the maior part of the program input. 

describe in detail the normal procedures for obtaining this c'ata. 

for pre?aration of input data cards are stated by comments in the program 

T h i s  collection of information 

The following paragraphs 

Directions 

I isting. 

SHIELD CONFIGURATION 

The entire structure of a vehicle, outer fuselage and interior components 

are observed from the point of interest, i. e., the dose point. From this point, 

the structure is broken into solid angular regions. The b a s i s  for selection of 

regions i s  that the materials and their thicknesses be uniform in each region. 

For each region, the thickness of every layer of  material intersected by a l ine 

from the dose point to a poin: outside the vehicle i s  calculated. The thickness 

... . .  ' . 1 5 ,  
. .  

, -  . .  
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a 

mentioned i s  equal :o :he length dP+t;a. 13ne segment w h ~ c h  ies inside the 

layer. Such thicknesses a r e  expressed in terms of optical depth (material . .* rf 

. _  
density multiplied by the thickness). Types of material in each layer (in 

I .  

ic  number) is recorded for each layer, where the layer 

with the outward layer being number one. Finally, t he  

weighting factor for the region is calculated a s  the sol id angle  representa- 

tion of the region divided by 4"f. This number is then equivalent to the . 

fraction of total solid angle occupied by  this region. No te  that the sum of 

all weighting factors should be unity. Usually, the vehicle will have some 
3 

axis  of symmetry which focilitates the task of sectoring. 

1- PARAMETERS AND TABLES . ' : I  i .  

! The various parameters and tables of materia! properties are deter- 

mined from a knowledge of the  radiation environment and  the materials which 

exist  in the shield layers. From the radiation environment, the shape and  

magnitude of the incident electron spectrum is determined. If the spectrum 

shape is one of those calculated in the existing subroutine ELSI, only the 

index number, N, is needed. However, a n y  spectrum can b e  inserted in 

that  routine i f  a suitable expression of N(E) can  be formed. 

. The limits of integrat ionare set a s  the highest electron energy 

present in the spectrum and the lowest photon energy which will penetrate 

t he  thinnest shielding in the system. Commonly used values are 0.1 Mev to 

10 MeV. 6oth.upper limits from Equation (2) should be the same since the 

-1 

A - - w  
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I 

I 

highest Bremmstrahlung energy is just equal to the highest electr,, "? C I  f3--- tc1gy. 
' Atabu la r  array of dose conversion factors is prepared which will 

depend on the units of dose or dose rate desired and  the material in which 

se is to be measured. The lat ter  is normally human tissue. This array is 

. -  

~1 

~ tabulated versus photon energy, in M e V .  Each 
should then convert 

- *  

photon energy flux, in Mev/cm 2 sec, at the given energy to dose, e. g. , 

rads/hr. For example, to obtain r a d d h r  in tissue, the user would obtain 

values of the mass energy absorption coefficient such a s  given in Ref. 6. 

These values would then be multiplied by 3600 sec/hr 1.6 x 10 Il.:W 

tc slrie the required table  entries. An abbreviation of the dose rate units 

stated in HOLLERITH characters is a lso required a s  input. These characters 

( 
-8 loo ergs) 

. 

appear  in the output from the program. 

Finally, 'tabular arrays of dose buildup factor coefficients and mass 

attenuation coefficients a r e  prepared. These coefficients are tabulated 

versus photon energy for every material which appears in the shielding con- 

figuration. This also includes tissue when dose is desired a t  some point inside 

the human body. The order in which the various materials are. set  up in the 

data  card deck determines the index number for each material. Refer to  

Ref.. 6 for a compilation of attenuation coefficients and Ref. 6 for a com- 

pilation of dose buildup factor coeffTcients. Note  that the computer program 

. 

*, ux -0 UX 
requires the dose buildup factor to  be of the farm, A e 

All control parameters a r e  defined in the coc'ed comments found in the program 

+A2e 2 . 
1 



: :  Ilsting. Cclrd formats and input data symbols are also defined in those 

I . -  comments. 
.. . . 

- .  

this program (via logical tape 6) i s  adequately 

annotated and i s  self explanatory. 

vehicle analysis i s  not called for, the last page of output for each case wi l l  

Refer to the sample problem output. If a 

not appear. The first few pages, which l i s t  primarily the material properties, 

appear only once for each computer run. Probfem titles are a part of the input 

for each case so that each case m c y  be giver, c iii!e. 
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OPERATING IN FORMATI ON 
I 

j 

! 

,_ Instructions for program operation a r e  straightforward. The program 
. * .  

gned for operafions und RAN monitor system. The 
~. 

i s  expected to be pl ic tape (logical 5) and  read . 

according to the  FORTRAN READ INPUT TAPE statement. Output  printing 

i s  done via  logical tape 6 using the FORTRAN WRITE OUTPUT TAPE state- 

ments. The normal program sto? is initiated through the monitor system by 

1 . the lack of further input data. An error indication is given when extrapolation 
1 

is required in the  calculation of dose buildup, attenuation coefficients, or 

dose conversion factors, only if the extrapolation inc‘icator is set in the input 
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PROGRAMMING INFORMATION 

PROGRAM REQUIREMENTS 

and subroutines specified by the program are 

subroutines not obtained from a normal 

FORTRAN library require a total of 11,940 locations. This is split into 7,458 

C O M M O N  storage locations and 4,4.82 locations for the instructions and 

NON-COMMON data  storage. Subroutines required from the I ibrary include: 

EX P e.p(X) 

I - lV\  LOG I I l \ A /  

EX IT returns control t o  Monitor 

Also required a r e  those routines used by the  FORTRAN system for input and  

output of data. 

Subroutines considered part of the program itself are: 

INPUT ' reads fixed data and parameters which are not 
changed during run 

ELSl described.on page 10 

C O N G O  described on page 10 

FUNCT described on page 10 

SINGL described on page 10 

GUESS a table I ookup and  interpolation routine l 

DITTO a special i red  double integral routine 
described in Ref. 2 
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Bremsstru hlung Program 

SET ATOMIC NUPS\BER OF 
1 

OUTSIDE SHIELD LAYER 

OF INTEGRAND 
. FOR USE IN CALCULATION 

(-) 

CALCULATE TABLE OF 
b BUILD - UP FACTORS L 

I I 

. .  

PROGRAM STOPS 
WHEN NO MORE 
INFORMATION IS 
TO BE PROCESSED 

FOR EACH VEHICLE 
SECTOR OR SET OF 
SHIELD LAYER 
THICKNESSES READ SHIELD LAYER 

ICKNESSES AND MATERIAL NUMBER 

I I 

- i  

I SET UP OUTPUT INFORMATION 1 
I .- 
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- - Macro Flow Diagram for Bremsstrahlung Program (cont’d) 
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